(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europtendes brevets (11) EP 0 875 202 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

04.11.1998 Bulletin 1998/45 

(21) Application number: 98107577.3 

(22) Date of filing: 25.04.1 998 



(51) int. CI. 6 : A61B 5/14, B01L 3/14 
// G01 N33/49 



(84) Designated Contracting States: 


(72) Inventor: Cohen, Richmond R. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Wanaque, New Jersey 07465 (US) 


MCNLPTSE 




Designated Extension States: 


(74) Representative: 


AL LT LV MK RO SI 


von Kreisler, Alek, Dipl.-Chem. et al 




Patentanwalte, 


(30) Priority: 30.04.1997 US 846343 


von Kreisler-Selting-Werner, 


(71) Applicant: 


Bahnhofsvorplatz 1 (Delchmannhaus) 


50667 KOIn (DE) 


Becton, Dickinson and Company 


Franklin Lakes, New Jersey 07417-1880 (US) 





CM 
< 

CM 
O 
CM 

in 

CO 

o 

CL 
LU 



(54) Evacuated sample collection tube with aqueous additive 



(57) The invention relates to an evacuated assem- 
bly for collection of a sample of a body fluid from a sub- 
ject's body comprising: 

a hollow tube defining an existing axis having an 
open end and a closed end defining a chamber 
therein for receiving a sample of a collected fluid 
from a subject; 

a resilient closure disposed in said open end to 
close said chamber and to form a seal capable of 
maintaining a pressure differential between atmos- 
pheric pressure and a pressure less than atmos- 
pheric pressure within said chambers; 
an aliquot of an aqueous additive for treating the 
fluid sample; 

a matrix formed from a fibrous material having cap- 
illary spaces therein for absording said aliquot of 
said aqueous additive; 

an aliquot of water immiscible liquid having a spe- 
cific gravity greater than about 1 .07 for encapsulat- 
ing said aqueous additive absorbed on said matrix; 
and 

a normally closed resilient valve disposed in said 
chamber to contain said aqueous additive, said liq- 
uid and sid matrix between said closed end and 
said valve, said valve being openable when the 
sample is in chmaber by centrifugation of said tube 
thereby to allow lower density fractions of the sam- 
ple and said aqueous additive to collect above said 
valve and to mix. 
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Description 

Field of Invention: 

This invention generally relates to collection of body s 
fluid samples for analysis. More particularly, the inven- 
tion relates to evacuated fluid sample collection tubes 
having aqueous additives therein for preparing the col- 
lected sample for analysis. 

10 

Background 

Evacuated sample collection tubes have been in 
general usage in the United States for almost fifty years. 
Initially, as disclosed in United States Patent No. is 
2,460.641 to Klienert, the sample collection tube was 
simply an evacuated glass test tube with a resilient stop- 
per and intended for use in blood collection. As practi- 
tioners recognized the utility of these evacuated blood 
collection tubes, (trade named "Vacutainer" and availa- 20 
ble from Becton, Dickinson and Company, Franklin 
Lakes, NJ) the tubes are now supplied with various 
additives already in them to prepare the blood specimen 
for a particular test. The tubes now are also evacuated 
to selected less than atmospheric pressures to provide 25 
a preselected volume of blood drawn. The most widely 
used tubes are evacuated to provide a blood withdrawal 
volume of about four and one half milliliters. 

One commonly used additive tube is termed a 
"coagulation" tube. According to a widely followed con- 30 
vention, these coagulation tubes contain a sufficient 
amount of buffered citrate in aqueous saline to provide 
a ratio of about 9:1 of blood to aqueous citrate. Coagu- 
lation tubes are often used to collect blood samples to 
assess the need for or to adj ust the dosage of anticoag- 35 
ulant medications. When the freshly drawn blood con- 
tacts the citrate, the cellular fraction, i.e., red blood cells, 
platelets and white blood cells precipitate, leaving 
plasma as the supernatant liquid after the tube is centri- 
fuged. Commonly, an aliquot of this plasma is then sub- 40 
jected to treatment with a coagulation agent such as 
thromboplastin reagent or simitar and the time to clot is 
measured. These time to clot determinations are called 
the prothrombin time ("P.T.T and activated partial throm- 
boplastin time ("A.P.T.T."). 45 

More recently, clinical testing practitioners have rec- 
ognized the hazards associated with blood-borne path- 
ogens and manufacturers have begun to supply blood 
collection tubes from materials less likely to be broken 
by inadvertent mishandling than the original glass so 
tubes. Evacuated blood collection tubes are now sup- 
plied formed from thermoplastic resins such as polyeth- 
ylene terephthalate (PET) and similar materials. While 
these thermoplastic resin tubes have reduced the 
chance of breakage by inadvertent mishandling, the use ss 
of thermoplastic resin tubes to replace glass causes 
other problems. Some thermoplastic materials were 
found not to be capable of withstanding the stress of 



vacuum, other materials are permeable in varying 
degrees to gases such as oxygen, water vapor and the 
like. When the tube material is permeable to gases, the 
transmission into the tube of oxygen or nitrogen results 
in gradual loss of the vacuum. In the case of the citrate 
coagulation tubes and other tubes with aqueous addi- 
tives, loss of water vapor through the tube wall during 
shelf storage results in changing the concentration of 
the aqueous additive. In the case of the coagulation 
tube, once the concentration of the aqueous saline 
buffer changes appreciably, the ratio of blood drawn to 
the aqueous saline buffer no long follows the convention 
of the 9:1 ratio, rendering the tube unsatisfactory for 
use. The loss of water through the tube wall has proved 
to be the limiting factor for thermoplastic coagulation 
tube shelf life. 

The water loss problem through thermoplastic 
coagulation tubes has been addressed by two current 
commercial suppliers. One supplier, Terumo, El Won, 
MD supplies their thermoplastic coagulation tubes in a 
sealed tub containing about 15 tubes. As long as the tub 
is seated, the water loss through the tubes is controlled, 
providing a usable shelf life. Once the tub is unseated, 
the tubes begin to lose water through the tube walls. As 
a result, practitioners need to use up these tubes within 
a few weeks once the tub is opened. Another supplier, 
Greiner GMBH, Frickenhausen, Germany, provides a 
thermoplastic coagulation tube formed from two sepa- 
rate independently formed layers, one inside the other. 
In the Greiner tube, the inner tube is formed from poly- 
propylene, a material that is substantially non-permea- 
ble to water vapor, and the outer layer is PET. The two 
layer tube provides a satisfactory shelf life by limiting 
water vapor transmission, but the manufacture and 
assembly of the two components into the two-layer tube 
is inefficient compared to a single layer tube. 

If a single layer thermoplastic tube was available 
that limited water loss from tube additives, thus provid- 
ing a shelf-life similar to that of borosilicate glass tubes 
with similar additives, the art of blood collection tubes 
would be advanced. Such a tube is disclosed herein 
below. 

Summary 

An evacuated device for collection of a sample of a 
body fluid from a subject's body of the present invention 
includes a hollow tube defining an axis with an open end 
and a closed end. The hollow tube defines a chamber 
therewithin for receiving a sample of a collected fluid 
from a subject. There is a resilient closure disposed in 
the open end of the tube to close the chamber and to 
form a seal capable of maintaining a pressure differen- 
tial between atmospheric pressure and a pressure less 
than atmospheric pressure within the chamber. The 
chamber contains an aliquot of an aqueous additive for 
treating the fluid sample. The chamber also includes a 
matrix formed from a fibrous material having capillary 
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spaces therein for absorbing the aliquot of the aqueous 
additive and an aliquot of a water immiscible liquid with 
a specific gravity greater than about 1 .07 to encapsulate 
the aqueous additive absorbed on the matrix. The tube 
has a normally closed resilient valve disposed in the 
chamber to contain the aqueous additive, the liquid and 
the matrix between the closed tube end and the valve. 
The valve is openable by centrifugation when there is a 
sample in the tube thereby allowing the lower density 
fractions of the sample and the aqueous additive to col- 
lect above the valve and to mix. 

The device of the invention provides the ability to 
manufacture an aqueous additive containing blood col- 
lection tube with comparable shelf stability to glass 
tubes with aqueous additives. The device of the inven- 
tion substantially reduces the risk of breakage caused 
by inadvertent mishandling of glass tubes while giving 
practitioners functional performance similar to the cur- 
rent widely used aqueous additive tubes. As a result of 
this disclosure, practitioners of clinical testing are now 
aware that the disclosed tube functions similarly for 
many other aqueous additive systems suitable for blood 
or other body fluid samples. The use of aqueous coag- 
ulation reagents is intended to be illustrative and not 
limitative of the invention. 



Brief Description of the Drawings 

Fig. 1 is a perspective view of the evacuated sam- 
ple collection assembly of the invention; 
Fig. 1a is a key to various graphical elements used 
in Figs. 1-4 

Fig. 2 is an exploded cross-sectional view of the 
invention of Fig. 1 taken along the line 2-2; 
Fig. 2a is an enlarged schematic view of a portion 
of the matrix component of the invention from Figs. 
1 and 2; 

Fig. 3 is a cross-sectional view of the evacuated 
assembly of Fig. 1 being charged with a fluid sam- 
ple; 

Fig. 4 is a cross-sectional view of the assembly of 
Fig. 1 charged with a sample while under centrrfu- 
gation; 

Fig. 5 is a top plan view of the assembly of Fig. 1 
taken along the line 5-5; and 
Fig. 6 is a cross-sectional view of the assembly 
from fig. 5 taken along the line 6-6. 

Detailed Description 

While this invention is satisfied by embodiments in 
many different forms, there is shown in the drawings 
and herein described in detail a preferred embodiment 
of the invention with the understanding that the present 
disclosure is to be considered exemplary of the princi- 
ples of the invention and is not intended to limit the 
invention to the embodiment illustrated. The scope of 
the invention is measured by the appended claims and 



their equivalents. 

Referring to Figs. 1-6, an assembly 10 for collection 
of a sample 20 of a body fluid from a subject's body of 
the present invention includes a hollow tube 12 defining 
* an axis A having an open end 14 and a closed end 16 
defining a chamber 18 therein for receiving sample 20 
of a collected fluid from a subject. Tube 12 has a resil- 
ient closure 24 disposed in open end 14 to close cham- 
ber 18 and to form a seal 26 capable of maintaining a 
io pressure differential between atmospheric pressure and 
a pressure less than atmospheric pressure within 
chamber 18. Preferably, closure 24 includes a shield 25 
to substantially reduce any tendency of a sample con- 
tained in chamber 18 to spatter when resilient closure 
is 24 is removed for access to the sample. Assembly 10 
includes an aliquot of an aqueous additive 28 for treat- 
ing the fluid sample. Suitable additives include, but are 
not limited to, organic acids, salts of organic acids, alkali 
metal salts of halides, organic chelating agents, fluores- 
ce cent dyes, antibodies, binding agents or any other rea- 
gent or combination of reagents normally used to treat 
body fluid samples for analysis. Assembly 10 also 
includes a matrix 30 preferably formed from a ftorous 
material 32 having capillary spaces 33 therein for 
25 absorbing aqueous additive 28. Tube 10 also has an 
aliquot of a substantially water immiscible liquid 34 that 
has a specific gravity greater than about 1 .07 for encap- 
sulating aqueous additive 28 absorbed in matrix 30. 
Assembly 10 also includes a normally closed resilient 
so valve 36 disposed in chamber 18 to contain the aque- 
ous additive, the liquid and the matrix between closed 
end 16 and valve 36. Valve 36 is openable by centrifu- 
gation of tube 10, schematically illustrated by the *G" in 
Fig. 4, when the sample is in chamber 1 8 thereby allow- 
35 ing lower density fractions of the sample and the aque- 
ous additive to collect above valve 36 and to mix. 
Preferably, valve 36 includes an area of reduced thick- 
ness 38 with at least one slit 40 that is openable under 
centrifugation conditions. The applied centrifugation is 
40 preferably greater than about 2500 R.C.F (2500 times 
the acceleration due to gravity). In the example where 
the aqueous additive is buffered citrate in aqueous 
saline and the sample is freshly drawn Wood, a lower 
density fraction 42 includes plasma and the aqueous 
45 citrate. Assembly 1 0 of the invention is suitable for other 
body fluid samples and other aqueous additives. 

An example using the assembly of the invention for 
obtaining plasma samples suitable for coagulation stud- 
ies is given below. In this example, the preferred per- 
so fluoropolyether serves to encapsulate the aqueous 
reagent, substantially reducing transmission of water 
vapor through tube 12 that is formed from polyethylene- 
terephthalate. The preferred use of the particular mate- 
rials for a coagulation tube is intended to be illustrative 
55 of an application of the invention and not limitative of the 
invention to just coagulation sample assemblies or to 
tubes formed from PET. 
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Material list 

1 . Suitable high density water immiscible (hydro- 
phobic) liquids 34 with a relatively low vapor pres- 
sure at ambient temperatures having a specific s 
gravity at 20°C greater than about 1 .07 include but 
are not limited to benzyl benzoate, perfluoropoly- 
ethers poly(methyl-3,3,3-trifluoropropytsiloxane) ( 
dipropyl benzoate, dimethyl benzoate, dimethyl 
malonate, phenyl acetate, anisaldehyde and the w 
like. The specific gravity value of greater than about 

1 .07 is selected because the cellular blood compo- 
nents have a specific gravity between about 1 .05 to 
1 .07. The preferred material is a low vapor pressure 
non-hemolytic perfluoropolyether, formula weight is 
between about 2,000 - 15,000 Atomic Mass Units, 
density at 20°C between about 1 .85 -1 .90 gms./ml. 
Suitable perfluoropolyethers are available from 
Ausimorrt USA, Morristown, NJ (Fomblin); PCR, 
Inc., Gainesville, FL (Aflunox); and E.I.Duporrt, 20 
Wilmington, DE (Krytox). 

2. Suitable matrix materials 30 have large surface 
area relative to their mass, are substantially 
hydrophilic and include, but are not limited to: 
fibrous materials such as cotton, polyester staple 25 
fibers, glass fiber staple, glass fiber cloth, polya- 
mide staple fibers and cellulosic staple fibers and 
the like; inert hydrophilic foams such as poly- 
urethanes, polyvinyl alcohol and the like; and cellu- 
losic papers such as filter papers and the like. The 30 
preferred material for matrix 30 is glass fiber staple 
strand 1000-2500 yards per pound such as is avail- 
able from Owens Corning (Vitron) with a filament 
diameter between about 0.00021 • 0.00028 in., a 
bulk density between about 300 to about 500 grams 35 
per kilometer and a nominal yardage of about 1500 
yards per pound. The glass fiber staple strand is 
preferred for this application because it has a large 
surface area relative to its mass, allowing the aque- 
ous saline solution to spread on the surface of the ao 
matrix. 

3. Physiological saline solution for aqueous additive 
28, 0.9 percent aqueous sodium chloride with a pH 
between about 7.0-7.2. 

4. Resilient Elastomers suitable for the valve 4s 
include but are not limited to Santoprene 821 1 -35, 
8201-60 or equivalent, Monsanto, St. Louis, MO 
and Silastic silicone elastomer, Dow-Corning, Mid- 
land, Ml or equivalent. Shore A durometer between 
about 50 and 100. 50 

5. Citric acid monohydrate, ACS reagent grade or 
equivalent. 

6. Sodium Oxalate dihydrate, ACS reagent grade or 
equivalent 

7. Sodium Citrate, ACS reagent grade or equiva- ss 
lent. 

8. Potassium Sorbate, ACS reagent grade or equiv- 
alent. 



9. Disodium ethylenediaminetetraacetic acid 
(EDTA), ACS reagent grade or equivalent. 

10. Sodium fluoride, ACS reagent grade or equiva- 
lent. 

11. Potassium chloride, ACS reagent grade or 
equivalent. 

12. Materials suitable for forming closed end cylin- 
drical tube 12 of a suitable thickness and size 
include, but are not limited to, substantially trans- 
parent thermoplastic materials such as polycar- 
bonate, polypropylene, polyethyleneterephthalate 
and the like. For the purpose of these examples 
tube 12 being formed from Polyethyleneterephtha- 
late tube (PET) with a 13 mm diameter with a 100 
mm length is preferred, other sizes and other mate- 
rials may be preferred for other applications. 

13. Resilient elastomeric closure 24 is sized to fit 
the tube and maintain an interior pressure below 
atmospheric pressure. Suitable materials include, 
but are not limited to, silicone rubber, natural rub- 
ber, styrene butadiene rubber (SBR). ethylene-pro- 
pylene dimer monomer (EPDM), polychloroprene 
and the like. Natural rubber is preferred for closure 
24 for the illustrated application. 

14. Polypropylene, polyvinylchloride, polyethylene 
and the like are suitable thermoplastic materials for 
forming stopper shield 25 . Polyethylene is pre- 
ferred for shield 25 in this application. Stopper 
shield 25 preferably has an outer skirt sized to 
extend beyond and cover a portion of the outside 
surface of the tube adjacent to the open end as the 
closure is removed from the tube. By extending 
over and covering the portion of the tube, shield 25 
serves to reduce the potential for sample spatter 
when elastomeric closure 24 is removed from the 
open end of the tube. 

15. Purified water, USP or equivalent. 

Example: 

A. Materials: PET tube 13mm x 100mm; natural 
rubber resilient stopper; polyethylene stopper 
shield; glass fiber staple strands; perfluoropoly- 
ether (Fomblin M60); 1.29 M aqueous buffered 
sodium citrate, physiological saline solution, potas- 
sium sorbate. 

B. Assembly: With tube held vertically, deliver about 
0.25 ml aliquot of perfluoropolyether liquid 34 into 
bottom of tube 12. Position about 0.5 grams glass 
fiber matrix 30 in tube above liquid 34. Slowly 
deliver 0.5 ml aqueous saline 28 onto glass fiber 
matrix 30 to allow the solution to wet matrix 30. 
Deliver about 0.75 ml of perfluorpolyether liquid 34 
over aqueous saline 28 and glass fiber matrix 30. 
Position elastomeric valve 36 in tube 12 to substan- 
tially contain glass fiber matrix 30, aqueous saline 
26 and perfluoropolyether liquid 34 against dosed 
tube end 16. Preferably, valve 36 is positioned with 
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area of reduced thickness 38 positioned toward 
open end 14 of tube 12. Preferably, valve 36 has a 
larger outside diameter "Y" than an inside diameter 
"X" of chamber 18 within tube 12. Thus when valve 
36 is positioned within the tube, the difference in 5 
diameters results in an interference fit between the 
tube and the valve to retain valve 36 as positioned. 
This position for valve 36 substantially eliminates 
entrapment of air between the perfiuoropolyether 
liquid 34 and valve 36. Introduce about 0.05 ml of w 
1 .29 M aqueous citrate buffer into tube above the 
valve. In this embodiment, the water substantially 
evaporates from the citrate buffer leaving a sub- 
stantially dry residue 29 above valve 36 that mixes 
with the sample when it is introduced into chamber 1S 
18. Evacuate chamber 18 to a pressure below 
atmospheric pressure sufficient to provide a 4.5 ml 
blood draw and insert resilient closure 24 with stop- 
per shield 25 to retain the pressure differential. 
C. Usage: Introduce a blood sample into the 20 
assembly 10 of the invention following conventional 
phlebotomy practice using a phlebotomy needle 50. 
Place assembly 10 in a suitable centrifuge and 
apply between about 2000 to about 3000 R.C.F. to 
the tube containing the sample as is generally done 25 
with conventional tubes. Under centrrfugation, the 
higher density materials migrate to the bottom of 
the tube and the lower density materials migrate 
upwardly. The effect of these migrations on the tube 
containing the blood sample is that cellular compo- 30 
nents 60 of the blood sample move toward the tube 
bottom through the resilient valve and the aqueous 
saline moves upwardly and mixes with the blood 
plasma and the citrate Additionally, the high density 
perfiuoropolyether liquid 34 remains at tube closed 35 
end 16 along with the matrix. At the completion of 
the centrrfugation, the valve returns to the normally 
closed position and the blood plasma component, 
in the conventional ratio of about 9:1 blood to aque- 
ous citrate is topmost and, as the lowest density 40 
fraction, may be removed to conduct conventional 
coagulation studies. 

In selection of the high density low vapor pressure 
liquid for use as an encapsulate, consideration should 45 
be made as to the compatibility of the liquid with the 
material selected for the tube and for the absorptive 
matrix. Chemical or physical interactions between one 
or another of these components may adversely effect 
the performance of the invention. Additionally, the com- so 
patibiltty of the high density low vapor pressure liquid 
with the particular sample and tests to be run on the 
sample must be evaluated. If the high density low vapor 
pressure liquid is entrained by the sample, it may 
adversely effect the results of subsequent testing on the 55 
sample. Similar considerations should be made regard- 
ing interactions between the matrix materials and the 
liquid, the sample and the matrix, the material selected 



for the valve, the reagents and all components as welt 
as any effects of radiation, or other sterilization condi- 
tions. 

Materials selection studies: Compatibility was 
determined between the high density low vapor pres- 
sure liquid 34 with tube materials; with blood samples: 
and the matrix material. In the compatibility testing con- 
ducted for selection of the preferred embodiment for liq- 
uid 34, perfiuoropolyether was found not to have 
unfavorable interactions with PET, or cause hemolysis 
of blood in testing of diethyl benzoate, dimethyl 
malonate, phenyl acetate, anisaldehyde and diethyl 
malonate for compatibility with PET, all showed some 
degree of interaction, as exhibited by the PET tube turn- 
ing cloudy or white. Additionally, as illustrated in Fig. 2a, 
the pert luorpolyether was found to be effective in encap- 
sulation of the aqueous saline and substantially reduce 
the loss of water through the PET tube 12. For this 
application, e.g., benzyl benzoate for liquid 34 was not 
satisfactory because slight hemolysis of blood samples 
was observed. Examination of cotton fibers and filter 
paper for matrix 30 showed that there was insufficient 
absorbence of the aqueous saline and the release of 
the absorbed saline was unsatisfactory under centrrfu- 
gation. 

The fluid collection assembly of the invention per- 
forms similarly to conventional fluid collection assem- 
blies with tubes formed from borosilicate glass. 
Assembly 10 of the invention by use of encapsulant liq- 
uid 34, matrix 30 and valve 36 provides practitioners of 
blood collection and analysis with the ability to use ther- 
moplastic tubes that are less prone to be broken by 
inadvertent mishandling while maintaining the expected 
performance delivered by conventional glass evacuated 
blood collection assemblies. 

Claims 

1 . An evacuated assembly for collection of a sample of 
a body fluid from a subject's body comprising: 

a hollow tube defining an existing axis having 
an open end and a closed end defining a cham- 
ber therein for receiving a sample of a collected 
fluid from a subject; 

a resilient closure disposed in said open end to 
close said chamber and to form a seal capable 
of maintaining a pressure differential between 
atmospheric pressure and a pressure less than 
atmospheric pressure within said chambers; 
an aliquot of an aqueous additive for treating 
the fluid sample; 

a matrix formed from a fibrous material having 
capillary spaces therein for absording said aliq- 
uot of said aqueous additive; 
an aliquot of water immiscible liquid having a 
specific gravity greater than about 1.07 for 
encapsulating said aqueous additive absorbed 
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on said matrix; and 

a normally closed resilient valve disposed in 
said chamber to contain said aqueous additive, 
said liquid and sid matrix between said closed 
end and said valve, said valve being openable s 
when the sample is in chmaber by cerrtrrfuga- 
tion of said tube thereby to allow lower density 
fractions of the sample and said aqueous addi- 
tive to collect above said valve and to mix. 

10 

2. The assembly of claim 1 wherein said liquid is 
selected from the group consisting of organic 
esters, silicone oils and perfluoropolyether fluids 
having a formula weight between about 2,00 and 
about 13,000 atomic mass units. is 



from the group consisting of citric acid, oxalic acid, 
salts of citric acid and oxalic acid, sodium chloride, 
potassium chloride, disodium ethytenediamine- 
tetraacetic acid, sodium fluoride and combinations 
thereof. 

10. The assembly of claim 1 further comprising a por- 
tion of a sample modifying reagent disposed in said 
chamber between said resilient valve and said open 
top of said tube so that when the sample is intro- 
duced into said chamber, the modifying reagent 
contacts the sample. 



3. The assembly of claim 1 wherein said matrix is 
selected from the group consisting of glass staple 
strand, glass wool, cotton fibers, nylon finers and 
combinations thereof. 20 



4. The assembly of claim 3 wherein said matrix is 
glass staple strand having about ten micron aver- 
age diameter, a bulk density of between about 330 
grams per kilometer and a nominal yardage of 25 
about 1500 yards per pound. 



5. The assembly of claim 1 wherein siad normally 
closed resilient valve is formed from an elastomeric 
material selected from the group consisting of natu- 30 
ral rubber, thermoset synthetic elastomers and 
thermoplastic elastomers. 



6. The assembly of claim 5 wherein said normally 
closed resilient valve is formed from a thermoplas- 35 
tic elastomer having the shape of a disc with an 
outer section and a center section, said center sec- 
tion having a thickness less than the thickness of 
said outer section. 

40 

7. The assembly of claim 6 wherein said normally 
closed valve further comprises at least one diamet- 
ric slit in said center section, so that when said tube 
contains the sample and is subjected to cerrtrtfuga- 
tion of said tube at about 2,000 to about 3,000 RCF, as 
said valve allows said aliquot of said aqueous addi- 
tive to mix with the sample. 



L The assembly of claim 7 wherein said hollow tube 
has an inside diameter and said valve has an out- so 
side diameter larger than said inside diameter and 
said valve has an outside diameter larger than said 
inside diameter of said tube thereby providing an 
interference fit to retain said valve substantially nor- 
mal to said axis in said chamber. 55 



The assembly tube of daim 1 wherein said aque- 
ous additive further comprises materials selected 
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(54) Evacuated sample collection tube with aqueous additive 



(57) The invention relates to an evacuated assem- 
bly for collection of a sample of a body fluid from a sub- 
ject's body comprising: 

a hollow tube defining an existing axis having an 
open end and a closed end defining a chamber 
therein for receiving a sample of a collected fluid 
from a subject; 

a resilient closure disposed in said open end to 
close said chamber and to form a seal capable of 
maintaining a pressure differential between atmos- 
pheric pressure and a pressure less than atmos- 
pheric pressure within said chambers; 
an aliquot of an aqueous additive for treating the 
fluid sample: 

a matrix formed from a f forous material having cap- 
illary spaces therein for absording said aliquot of 
said aqueous additive; 

an aliquot of water immiscible liquid having a spe- 
cific gravity greater than about 1 .07 for encapsulat- 
ing said aqueous additive absorbed on said matrix; 
and 

a normally closed resilient valve disposed in said 
chamber to contain said aqueous additive, said liq- 
uid and sid matrix between said closed end and 
said valve, said valve being openable when the 
sample is in chmaber by centrifugation of said tube 
thereby to allow lower density fractions of the sam- 
ple and said aqueous additive to collect above said 
valve and to mix. 
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